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Abstract 
The larval development of Wohlfahrtia 
magnifica ( the most important dipteran causing 
sheep myiasis in the Palearctic region) has been 
studied by means of scanning electron microscopy. 
The ultrastructure of mouth-hook s , oral ridges, 
labial lobes, body spines and anterior and 
posterior peritremes is described for the first 
time. Their possible adaptations to a parasitic 
lifeway are also discussed. Thus, the use of new 
str uctures in the Sarcophagidae taxonomy is 
proposed from the point of view of their ultra-
structure and adaptative morphology. 
KEY WORDS: Scanning Electron Microscopy, Diptera, 
Wohlfahrtia magnifica, Myiasis, Taxonomy, Adapta-
ti ve morphology, Larval development, Ultra-
structure. 
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Introduction 
The application of scanning electron micros-
copy (SEM) techniques to the study of insect ul-
trastructure has become very useful (Stoffolano, 
1970, Greemberg & Ash, 1972; Baccetti, 1975; 
Meek, 197 6; Bay & Pitts, 1976; Kontermann, 
1980). This technique is also useful to observe 
structural details of larval instars of the 
parasite Diptera. Nevertheless the papers on 
th is subject are scarce (Adjidagba et al., 1985; 
Colwell, 1986; Principat o, 1986; Sandeman et 
al., 1987; Principato & Tosti, 1988) due to the 
softness and delicateness of the larval structu-
res. For this reason several method s for the 
preparation of this mate rial have been evaluated 
(Grodowitz et al., 1982; Colwell & Kokko, 1986; 
Ruiz-Martinez et al., 1989a). 
Because optical microscopic studies are in-
sufficient to explain adaptations to parasitism 
(Barnard, 1977; Erzinclioglu, 1985; Lehrer & 
Fromuda, 1986), SEM has been used (Sandeman et 
al., 1987; Principato & Tosti, 1988) to deter-
mine the ultrastructural effects suffered by the 
hosts. 
For these reasons Wohlfahrtia magnifica, 
which is the most importan t obliga te parasite on 
sheep in the Palearctic region (Zumpt, 1965) and 
particularly, in the Mediterranean basin ( Ruiz-
Martinez et al., 1987), was studied by SEM to 
elucidate its taxonomic structures, their 
parasitic function and the changes that occurred 
during larval development. 
Materials and Methods 
One hundred and fifty specimens of 
Wohlfahrtia magnifica from 30 sheep were studied 
(40 corresponding to each instar and 15 belong-
ing to each interinstar). This material was 
treated according to the method described in 
Ruiz-Martinez et al. ( 1989a). Structures from 
complete larvae as well as structures isolated 
by means of bistouri adapted to micro-handling 
were observed. 
Larvae belonging to the three developmental 
ins tars were placed in vivo into filtered 10% 
formaldehyde. We removed particles adhering to 
the larval cuticle by a manual cleaning, using 
a fine brush, with alternate 10 min washes in 25 
ml bidistilled water and 0.9% saline solution. 
I. Ruiz-Martinez, M.D. Soler-Cruz, et al. 
Dehydration was carried out by lyophilization at 
-402C and 125 bars, and critical point drying 
(CDP) with CO
2 
as the transition fluid (at 312C 
and 90 bars), Samples were mounted on SEM stubs 
with double sided adhesive tape and silver 
conductive paint. Sputtering for different time 
periods ( 20 sec - 4 min) was also performed in 
order to determine the optimum time for sputter-
coating with gold in the presence of argon gas. 
Results 
Buccal structures 
The parts forming the buccal periphery are 
arranged frontally on the cephalic segment. These 
include the mouth-hooks (or mandibles), labial 
lobes and oral ridges. 
The lower third of the mouth-hooks, which 
often projected to the outside, are covered by a 
cuticular expansions from the cephalic lobe. 
These structures exhibit remarkable ultra-
structural and morphological variations during 
the larval ontogeny. 
The first larval instar has 3 mouth-hooks, 2 
lateral that are strongly curved and 1 central. 
Thus 3 cuticular expansions cover their proximal 
parts (Fig. 1). The hooks are closely disposed in 
the fir s t phase (1-2 hours after laying)(Fig. 2); 
however, the lateral ones quickly separate to 
result in a 'trident' -shaped structure which is 
clearly evident in the interinstar I-II. At this 
time, the two cuticular protuberances, belonging 
to the new hooks of ins tar II, can also be ob-
served. These occur above the central hook of 
instar I (in interinstar I-II the cuticle appears 
wrinkler and start s to s hed) (Fig. 3). In the 
instar I a large number of canalicules are 
associated with the tips of the hooks ( Fig. 2). 
In the second larval ins tar, the mandibular 
system consi ts of two lateral strongly curv e d 
hooks that have their lower thirds covered by 
cuticle (Fig. 4). No ultrastructural differen c es 
exist between this instar and the first one. In 
interinstar II-III, changes similar to those in 
interinstar can be observed. 
Alternatively, in instar III the hook' s 
surface has a random reticulate appearance (Fig. 
6). The curvature of the hook is smaller than in 
t hose shown in the preceding instars. Moreover, 
the hooks bear a cutting edge in their inferior 
flanks as shown in Figures 5 and 6, In the first 
phases of instars II and III, a set of bands with 
transverse orientation rcspecti ve to the hook's 
direction can be clearly observed in the hook's 
surface (Fig. 7). 
Several structures appear under the hook 
system in instar III: 2 lateral labial lobes, an 
occlusive muscle of the buccal cavity and a 
central labial lobe (Fig. 7), which is located 
between the mandibles. Its formation starts du-
ring interinstar I-II. In ins tar II I, the oral 
cavity is surrounded by three lips, two lateral 
and one central, strongly thickened and beak-
shaped that are located upon the mandibles (Fig. 
5). 
The oral ridges, which are present during 
larval development of Wohlfahrtia magnifica, show 
significant structural and dispositional changes: 
in ins tar I, they are a simple cuticular fold 
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Figure 1. Instar I. Mouth hooks. Late developmen-
tal phase of ins tar I. The maximum divergence 
between the lateral hooks with respect to the 
central one can be observed, A: median hook. 
Figure 2. First phases of ins tar I showing no 
great divergence amongst the lateral hooks and 
the median one. 
Figure 3. Interinstar I-II. Frontal view of the 
mouth hooks. The degeneration of the integument 
can be observed. B: mouth hooks belonging to 
instar II, disposed on a trident-like structure. 
Figure 4. Ins tar II. Frontal view of the or'l:!. 
region showing disposition of the mouth hook with 
respect to the oral papilla, oral ridges and 
mouth modified spines. 1: oral papilla, 2: mouth 
modified spines, 
Figure 5. Lateral view of the cephalic and first 
thoracic segments belonging to larva III. 
C: anterior peritremes, D: median lobe, E: 
inferior cutting margin of the mouth hook. 
Figure 6. Detail of the ultrastructure of the 
mouth hooks belonging to the larva III, Showing 
the very thin and disorderly reticulate, and ex-
pansion of the labial lobe, covering its proximal 
and its cutting inferior margins (F). 
directed to the oral cavity, in ins tar II they 
become modified and reach their greatest complex-
ity in instar III (Figs. 3, 4 and 7). 
In instar II the oral ridges are organized 
into s everal bands formed by polyhedric cuticular 
scale-like expansions. Their anterior end is 
s imple, but they show a greater complexity near 
the external edge of the hook ( they show 1 to 4 
lobes per scale)(Figs. 4 and 5). This system forms 
four canals that lead to the oral cavity. This 
structure is constant in instar III, with the 
scale-like expansions being more complex (with 3 
to 8 lobes or expansions)(Fig. 7). 
Body segments 
The anal cavity, which is located ventrally in 
segment XI (Fig. 8) maintains a consistent 
s tructure during larval development. This cavity 
is delineated posteriorly by two rounded anal 
papillae, bearing a large papillar sensilla in 
their apices (Fig. 8). The sensillae are sur-
rounded by a simple set of small cells in instar 
I. In ins tar III the number of these cells is 
larger. Near the papillar sensillae, campaniform 
sensillae can be observed (Fig. 8). 
In instar I, the anal cavity bears 1 or 2 rows 
of spines in its anterior part; 3 to 4 rows occur 
in instar III, Between these spines and the anal 
papillae lies the anal opening. This opening is 
occluded by two muscles converging to its middle. 
The body spines show remarkable changes at 
several levels (shape, structure and arrangement) 
during larval development. In ins tar I, the body 
spines, which are sharpened and hooked, are 
especially abundant on the ventral side of the 
thoracic segments (Fig. 9). The spines are 
replaced in each interinstar; consequently, it was 
possible to observe the disposition of the spines 
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Figure 7. Instar III . Inferior view of the cepha-
lic segment. Showing type of growth in the mouth 
hooks (G), the arrangement of the oral complex 
and the occlusive muscle of the buccal cavity 
(H). 
Figure 8. Ventral view of the last abdominal 
segmen t showing the anal lobes ( i) and the peri-
tremal tubercles surrounding the peritremal 
cavity (J). 
Figure 9. Ins tar I. Body spines in the first 
thoracic segment. 
Figure 10. Inter ins tar I-II. Body spines. This 
figure shows the variation in size and disposi-
tion of the spines. 
Figure 11 . Anterior peritremes of Wohlfahrtia 
magnifica. 
Figure 12. Ins tar II. Posterior peri tremes. In 
the bottom of the peritremal cavity the wall 
connecting both peritremes can be observed (K). 
on the new larval integument progressively degene-
rat ed during the following ins tar (Fig . 10). In 
instars II and III the spines are thicker, have a 
co nica l base and bear several grooves perpen-
dicula rly oriented in relation to the direction of 
the spine. 
Spiracles 
The anterior peritremes are laterally disposed 
in a small cuticular hollow of the base of the 
first thoracic segment (Figs. 5 and 11). 
Generally, they project towards the outside. 
They consist of chitinous tubes each bearing 
4 or 5 peritremal splits in instar II and 5 or 6 
splits in instar III. On their apex, a cuticular 
expansion ( which is able to close) is disposed. 
Each peritremal split is supported by 'Y'- s haped 
stigmatic sclerites (Lehrer & Fromuda, 1986; 
Principato, 1986; Ruiz-Martinez et al., 1989b). 
The posterior peritremes are located in a deep 
cavity (typical in Sarcophagidae), where the 
peri tremal splits are situated. They are oval, 
never closed and numbered 1, 2 or 3 in instar I, 
II or III, respectively. The ecdisial sc ar is 
always present at a lower level. The peri tremes 
are placed in the inner wall of the XIth segment. 
Between these structures their joint suture can be 
observed (Fig. 12). 
Di scussion 
Earlier morphological studies on Wohlfahrtia 
magnifica (Yasuda, 1940; Valentyuk, 1971; Schu -
mann et al., 1976; Lehrer & Fromuda, 1986), 
failed to reveal the possible function of 
structures due to the limitations of the optical 
microscope. However, in our opinion, results from 
scanning electron microscopy can resolve several 
questions. 
The mouth-hooks system shows a remarkable 
adaptation to the parasitic nature of Wohlfahrtia 
magnifica. A study of Lucilia cuprina recently 
determined if the onset of myiasis depended on 
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the larval development or on other infections or 
predisposing factors (Monzu, 1983, Sandeman et 
al., 1987). We have observed the developmental 
changes shown by the hooks in instar I during its 
first hours: from a folded disposition (this 
"folded" disposition would facilitate the exit of 
larvae across the uterus) to t he lateral hooks 
di verging more with regard to the central one. 
Thus, an 'effective' anchor in a plane is ac-
quired. Then, larva I has the capability to 
produce primary myiasis. The authors came to this 
conclusion in an earlier paper (Ruiz-Martinez et 
al., 1987; Ruiz-Martinez et al., 1989b). 
The mouth-hooks of Wohlfahrtia magnifica are 
always projected according to their length and 
curvature, because their dimensions limit the 
retraction into the cephalic segment. This does 
not happen in Cuterebra fontinella (Colwell, 
1986) and Lucilia cuprina (Sandeman et al., 
1987). 
The central hook is identical to the lateral 
ones, morphologically and ultrastructurally. 
Thus, we consider the "cen tral hook" as the 
appropriate denomination for this structure , 
instead of "central scleri te". The presence of 
t his central hook is possibly consistent with the 
parasitic nature of W. magnifica. This feature 
probably must be shown-by W. vigil (Walker, 1937) 
and W. opaca (James & Gassner;-i.947) which are 
the Nearctic species equivalent to W. magnifica. 
Nevertheless, these authors u sed "central scle-
ri te" to designate this structure. Perhaps, this 
term may be adequate for similar occasional 
parasites such as W. pattoni (Hilton, 1973), 
W. bella (Gil Collado et al., 1974), W. meigeni 
and w.balassogloi ( Valen tyuk, 1971) . -
At the ultrastructural level, the presence of 
canalicules converging to the hook's apex in 
instar I and II may favour the penetration of the 
hook into the host's tissues. This fact is not 
observed in instar III; however the hook's thick-
ness, its associated musc ulature and the presence 
of a cutting inferior margin in the hook may as-
sist its penetration into the host tissues (Fig s . 
5-E and 6-F). Moreover, in this instar the most 
effective and prolonged penetration in develop-
ment of this parasite is observed (its injuries 
are bigger and average life in myiasis is between 
3-5 days). In this case, the mandibles should 
reveal the parasitic nature of this species; the 
maxillae are characteristic of other species such 
as Gasterophillus sp. (Principato & Tosti, 
1988). 
The set of transversal bands observed in the 
hooks during the first stages of each instar 
denotes their type of growth during the precedent 
interinstar (Ruiz-Martinez et al., 1989b) and 
shows the distinct chitinous coats deposited 
during the hook's formation. This process is 
similar in all instars (II, III) . Alternatively, 
the structure and disposition of the labial lobes 
suggest that they control extension-retraction of 
the mouth-hooks during the larval locomotion in 
the myiasis. 
The simplicity of the oral ridges in instar 
I is sufficient to direct the food towards the 
oral cavity, taking into account the anchorage 
system and the short length of this instar (6 to 
8 hours). The posterior specialization and 
complexity of the oral ridges during ins tars II 
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and III is paralleled by the increase in size, 
invading power and food requirements. In this 
way, the "modified spines" not only serve as an 
accessory support to the hook during the larval 
locomotion (since these spines elevate themselves 
at a certain angle during the projection of the 
hook) but also produce an abrasive effect 
(mechanic effect of rubbing) and direct the food 
towards the oral ridges, located immediately below 
these structures. The presence of these oral 
ridges in W. magnifica suggests the way in which 
this species feeds itself. One may assume that 
the absence of this structure indicates a higher 
degree of parasitism, as was argued for Cuterebra 
fontinella and Hypoderma sp. (Colwell, 1986). The 
weak oral ridges in instar I (bearing no modified 
spines) seem to be compensated in some manner by 
the presence of abundant spines on the ventral 
side of the first thoracic segment. Thus, these 
spines should functionally substitute for those 
appearing in the oral ridges in instars II and 
III. 
The abundant body spinulation shown by 
W. magnifica might serve as a complementary 
anchorage system, because these spines present an 
antero-posterior orientation ( in addition , this 
fact is reinforced by the musculature of the body 
wall). Alternatively, the grooves of the body 
spine ap~x are more obvious in instar III (which 
is longer and in it, the friction of the larvae is 
largest). The function of these grooves, which 
have a constant structure, must be determined. 
Perhaps these grooves provide for chi tine 
transport to compensate for the erosion suffered 
by the spine. 
In L. cuprina (Sandeman et al., 1987) the 
anterior spiracles are associated with a cuticle 
which can close over them. This structure is also 
observed in the posterior spiracles, that are 
located in a deep peritremal cavity which can be 
closed by the larva. The function of these 
structures might be related to gas regulation 
preventing the entry of waste substances across 
the respiratory system. 
Acknowledgements 
The authors wish to express their gratitude 
to the Electron Microscopy Unit of the Technical 
Services of the University of Granada for their 
assistance in the handling and preparation of the 
samples analyzed, as well as in obtaining the 
photographs illustrated in this paper. 
This work has been supported by the Direccion 
General de Investigacion y Extension Agraria of 
the Junta de Anda luci a (Project PA.A3.85.l). 
References 
Adjidagba PA, Bay DE, Pitts CW. (1985). Mor-
phogenesis of the external features of the first 
stage larva of the stab le fly ( Diptera: Musci-
dae). J. Kansas Entomol. Soc ., 58, 569-577. 
Baccetti B. ( 1975). Critical point for pre-
servat ion of larvae and adult insects with soft 
teguments. Bull. Soc. Entomol. Ital., 107, 42-47. 
Barnard DR. ( 1977). Skeletal-muscular mecha-
nisms of the larva of Lucilia sericata (Meig.), 
in relation to feeding habits (Diptera: Callipho-
108 
ridae). Pan-Pacific Entomol., 53(6), 223-229. 
Bay DE, Pitts CW. ( 1976). Antenna! olfactory 
sensilla of the face fly Musca autumnalis (De 
Geer)(Diptera: Muscidae). In~ Insect Morphol. 
& Embryo!., 5(1), 1-16. 
Colwell DD, Kokko EG. (1986). Preparation of 
Dipteran larvae for scanning electron microscopy 
using freeze-subs ti tut ion technique. Can. J. 
Zool ., 64, 797-798. 
Colwell DD. (1986). Cuticular sensilla on 
newly hatched larvae of Cuterebra fontinella 
Clark ( Diptera: Cuterebridae) and Hypoderma sp. 
(Diptera: Oestridae). Int. J. Insect Morphol. & 
Embryol., 15(5-6), 385-392. 
Erzinclioglu YZ. ( 1985). Immature stages of 
British Calliphora and Cynomya with a re-evalua-
tion of the taxonomic characters of larval Calli-
phoridae (Diptera). J. Nat. Hist., 19, 69-96. 
Gil Collado JM, Zapatero LM,-Guillen JL. 
( 1974). Estudios sobre la Wohlfahrtia bella 
(Macq. ) . Rev. Iber. Parasitol., 34(1-2), 9-2-7-.--
Greemberg B, Ash N. ( 1972). Setiferous 
plaques on antenna! pedicels of muscoid Diptera: 
appearance in various species and tests of 
function. Ann. Ent. Soc. Am., 55, 1340-1346. 
Grodowi tz MJ, Krchma J, Broce AB. ( 1982). A 
method for preparing soft bodied larval diptera 
for scanning electron microscopy. J. Kans. Ento-
mol. Soc., 55, 751-753. 
Hilton DFS. ( 1973). The larval ins tars of 
Wohlfahrtia pattoni (Diptera: Sarcophagidae) . J. 
Med. Entomol., 10(1), 31-33 . 
James MF, Gassner FX. (1947). The immature 
stages of the fox maggot fly Wohlfahrtia opaca 
(Coq.). J. Parasitol., 33(3), 241-244. ---
Kontermann R. ( 1980). Haftorgane von Insek-
ten. Mikrokosmos, 69(4), 362-365. 
Lehrer AZ, Fromuda V. (1986). Le development 
larvaire du diptere myiasigene Wohlfahrtia 
magnifica (Schiner)(Diptera: Sarcophagidae). 
Bull. Ann. Soc. Roy . Belge Ent., 122(4/6), 
129-136 . 
Meek GA. (1976). Practical Electron micros -
copy for biologists. John Wiley & Sons, London, 
528 pp. 
Monzu N. (1983). Flystrike. A Manual for its 
prevention and control. Western Australian 
Department of Agriculture, 4104, 64 pp. 
Principato M. (1986). A study on the maxi llae 
of third instar larvae of the six Italian 
Gasterophil lu s species (Diptera: Gasterophilli-
dae): observation on their taxonomic significance 
in the identification to the species. Bull. Soc. 
Fr. Parasitol., 4(1), 121-130. 
Principato M, Tosti M. (1988). Scanning 
Electron Microscope observations on the anterior 
thoracic and postabdominal spiracles of 
Gasterophillus larvae (Diptera: Gasterophilli-
dae) . Int. J. Parasitol., 18(2), 191-196. 
Ruiz-Martinez I, Soler -Cruz MD, Benitez-
Rodriguez R, Munoz -Parra S, Florido-Navia A, 
Diaz-Lopez M. (1987). Myiasis caused by 
Wohlfahrtia magnifica in Southern Spain . Irs. J. 
Vet. Med., 43(1), 34 -41. 
Ruiz-Martinez I, Soler -Cru z MD, Benitez-Ro-
driguez R, Diaz-Lopez M, PArez-JimAnez JM. 
( 198 9a). Preparation of Dipteran larvae for scan-
ning e lectron microscopy, with special reference 
to myiasigen dipteran species. Scanning Microsc., 
SEM study of Wohlfahrtia magnifica 
~( 1), 387-390. 
Ruiz-M art inez I, Soler-Cruz MD, Benitez-Ro-
driguez R, Diaz-Lopez M, Perez-Jimenez JM. 
(1989b). Postembryonic development of Wohlfahrtia 
magnifica (Schiner, 186 2) (Diptera: Sarcophagi-
dae). J. Parasitol., 75(4), 53 1-539. 
Sandeman RM, Collins BJ, Carnegie PR. (1987). 
A scanning electron microscopy study of Lucilia 
c uprina larvae and the deve lopmen t of blowfly 
strike in sheep. Int. J. Parasitol., 17(3), 
759-765. 
Schumann H, Ribbeck R, Beulig W. (1976). 
Wohlfahrtia magnifica (Schiner, 186 2)(Diptra : 
Sarcophagidae) als Ursache einer vaginalen 
Myiasis bei domestierten zwhockrigen in der 
Mongolischen Volksrepublik. Archiv exp. vet. 
med., 30, 799-806. 
Stoffolano JG. (1970). The anal organ of 
larvae of Musca autumnalis, Musca domestica and 
Orthellia caesarian (Diptera:Muscidae). Ann. 
Ent. Soc. Amer., 63(6) , 1647-1654. 
Valentyuk EI .71971). The first stage larvae 
of species of the genus Wohl fahrtia B. et B. 
(Diptera: Sarcop hagidae) from Crimea and Northern 
Black sea area. Vestnik Zool., 3, 78-8 1. 
Walker EM. (1937). The larval stages of 
Wohlfahrtia vigil (Walk.). J. Para s itol., 23 , 
163- 174 . 
Yasuda M. ( 1940). On the morphology of the 
larv a of Wohlfahrtia magnifica Schin. , found in 
the wound of camel in Inn er Mongolia. J. Chosen 
Nat. Hist. Soc., 7(29), 27-36. 
Zumpt F. (1965). Myia s is in man and animals 
in the old wor l d . Butter worths , London, 247 pp. 
109 

